ABSTRACT OBJECTIVES This paper systematically analyzed the performance of magnetic resonance (MR) perfusion to diagnose coronary artery disease (CAD) with fractional flow reserve (FFR) as the reference standard.
C oronary artery disease (CAD) continues to be a major public health concern in developed and developing countries. Revascularization effectively restores blood flow, but the first step requires an accurate evaluation of myocardial ischemia caused by epicardial coronary artery stenosis (1-3).
Myocardial perfusion imaging by single-photon emission computed tomography has long been applied routinely to evaluate blood supply. In recent years, with the development of magnetic resonance (MR) imaging, myocardial MR perfusion has demonstrated its ability to detect myocardial ischemia (4, 5) . Meta-analyses have shown the high accuracy of MR perfusion in diagnosing myocardial ischemia, using quantitative coronary angiography (QCA) as the reference standard (8, 9) . Although QCA offers a direct visualization of stenotic lumen, it may not reliably detect whether a stenosis leads to ischemia. Given that fractional flow reserve (FFR) is superior to QCA in guiding revascularization (1, 2) , the purpose of our study was to systematically analyze the diagnostic performance of MR perfusion with FFR as the reference standard.
METHODS
The meta-analysis was performed using a standard protocol based on the MOOSE (Meta-analysis of Observational Studies in Epidemiology) guidelines (10) and the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) statement (11) .
DATA SOURCES AND STUDY SELECTION.
We searched PubMed and Embase databases for all published studies in the English language evaluating the accuracy of MR perfusion with FFR as the reference standard, by searching the terms "FFR or fractional flow reserve" and "magnetic resonance imaging or MRI." Additionally, references to previous systematic reviews were screened. Two reviewers examined the references independently to exclude duplicate or overlapping data.
STUDY ELIGIBILITY. The inclusion criteria for studies were as follows: 1) MR perfusion was used as a diagnostic test for ischemic CAD; 2) FFR served as the standard reference and FFR <0.75 or <0.80 was considered ischemic CAD; and 3) results were reported in absolute numbers of true-positive, falsepositive, true-negative, and false-negative results, or sufficiently detailed data were provided to derive these numbers. The exclusion criteria were the study included patients with a history of coronary artery bypass graft surgery or percutaneous coronary intervention and as retrospective studies.
DATA EXTRACTION. The following information was extracted by 2 investigators independently: first author; year of publication; sex; age; body mass index; separate prevalence of multivessel disease, diabetes, and myocardial infarction (MI); type and brand of machine used; perfusion sequence; magnet strength; and true-positive/true-negative/ false-positive/false-negative values. Data were recorded separately, whenever available, at the patient and artery/territory levels.
The quality analysis of the study had to conform to QUADAS (Quality Assessment of Diagnostic Accuracy Studies) guidelines (12) .
Two readers independently evaluated QUA-DAS items for all included studies; if they disagreed, a third reader adjudicated.
DATA SYNTHESIS AND STATISTICAL ANALYSIS.
Interobserver agreement was assessed by the Cohen kappa test, and publication bias was investigated using a regression line, as outlined by Deeks et al. (13) , with p < 0.10 for the slope coefficient indicating significant asymmetry.
We used an exact binomial rendition of the bivariate mixed-effects regression model with test type as a random-effects covariate to synthesize the available data (14, 15) . Sensitivity and specificity were calculated along with their 95% confidence intervals We used the Cochran Q statistic and measured inconsistency (I 2 ) (percentage of total variance across studies attributable to heterogeneity rather than chance) for the detection of heterogeneity across studies (17) . 
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RESULTS

CHARACTERISTICS OF MR PERFUSION STUDIES.
Among the studies that met our inclusion criteria, 2 (19, 20) were excluded because they reported populations that potentially overlapped with an earlier study (21) . A total of 14 studies were ultimately identified for the literature search and selection algorithm ( Figure 1 , Table 1 ). Eight studies reported data at the patient level, among which 5 studies performed MR perfusion with a magnetic intensity of level were available for synthesizing data.
METHODOLOGICAL QUALITY. Our inter-rater reliability for assessing quality items was perfect (kappa ¼ 0.89). Online Table 1 Bayes' theorem, Figure 3 illustrates the relationship between pre-test and post-test probability of CAD, which indicated that MR perfusion could increase the post-test probability of CAD >80% in patients with a pre-test probability of >37% and can decrease post-test probability of CAD <20% with a pre-test probability of <72%. Fourteen studies were ultimately identified. FFR ¼ fractional flow reserve.
A sensitivity analysis, conducted at both the patient and artery/territory levels to investigate the influence of each individual study on the overall meta-analysis summary estimate, demonstrated that no study influenced the pooled sensitivity and specificity >0.02
(Online Figure 2) . Additionally, artifacts, such as susceptibility artifacts, off-resonance artifacts, and dark-rim artifacts (27, 34, 35) , may influence MR perfusion accuracy.
Playing images in cine mode effectively differentiates image artifacts and true perfusion defects (36) .
Apart from the perfusion imaging, regional function (wall thickening or strain imaging) analysis as well Multivessel disease causes most CAD (37) . Discriminating functional stenosis at the artery/territory level is therefore critical for determining the need for revascularization. Our results indicate diagnostic performance at the artery/territory level is even higher than at the patient level. However, the between-study differences also increase greatly. It is worth emphasizing that although the model was believed to be appropriate for assigning individual segments to specific coronary artery territories (38) , as guidelines recommend, there is still variability in the coronary blood supply to myocardial segments 
CONCLUSIONS
With FFR as the reference standard, the diagnostic ability of MR perfusion to detect ischemic CAD is high. pre-test probability of >37% and can decrease the post-test probability of CAD <20% if the pre-test probability is <72%. LR ¼ likelihood ratio. 
